In 1950 Brauer, Krebs and Pessotti (1) reported that S35-labeled sodium phenoltetrabromophthalein disulfonate (more commonly known as sulfobromophthalein, Bromsulfalein or BSP) may be recovered from the bile of the dog, during constant intravenous infusion, in four fractions which are separable by column chromatography. Similar fractions, accounting for the bulk of BSP excreted and having absorption spectra like those of standard BSP, have also been detected in the bile of sheep, rat, cat and chicken and in bile produced by the isolated perfused liver of the rat (2). More recently, Meltzer, Wheeler and Cranston (3) have found that BSP in the blood and bile of the dog and man may also be fractionated by paper chromatography and that several of the fractions yield a positive ninhydrin reaction suggesting the presence of amino acid. Glutamic acid and glycine (but not cysteine) were identified by two-dimensional chromatography following 6 N hydrochloric acid hydrolysis of an eluate of the fractions. Hence they concluded that BSP is conjugated with amino acid, presumably in the liver, since the conjugates were found in the bile prior to their appearance in the blood. Subsequent work by Javitt, Wheeler, Baker and Ramos (4) has shown that cysteine is also present in the conjugates. Similar findings have been made independently by other workers (5-7) during the past year. Glycine and glutamic acid have been demonstrated in acid hydrolysates by Combes (5) and cysteine has been found in hydrobromic acid hydrolysates of BSP conjugates by Grodsky, Carbone and Fanska (6, 7). As both Combes and Grodsky have also noted, the appearance of glycine, glutamic acid,
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t American Heart Association Fellow. t Markle Scholar in Medical Science. § Rockefeller Traveling Fellow in Medicine. and cysteine together would strongly suggest that glutathione might be conjugated with BSP. This inference has been substantiated in the course of the studies to be presented below.
METHODS
The biliary excretion of BSP was measured in 5 trained unanesthetized fasting dogs before and after the initravenous administration either of single doses ranging from 200 to 300 mg or of BSP infusions over a prolonged period, in most instances with the establishment of high plasma BSP concentrations. Bile was collected continuously by means of an indwelling catheter placed in the common bile duct under direct visioni tlhrough a Thomas duodenal cannula (8, 9) . Cholecystectomyl and splenectomy were performed when the duodenal fistula was prepared and the cannula inserted, several moniths prior to study. All bile samples were refrigerated or frozen as soon as possible after collection.
Aliquots of whole bile were applied directly to \NVhat-man no. 1, 3 or 3 MM filter paper for one-dimensional chromatography or electrophoresis. Preliminary removal of proteins and bile salts was necessary in those specimens to be hydrolyzed for amino acid analysis. For this purpose 2 ml aliquots of bile were dialyzed in Visking cellulose tubing for 24 hours against equal volumes of distilled water. The dialysates were lyophilized to dryness, extracted three times with absolute ethanol (10) and the residue reconstituted in distilled water.
Covered glass chambers were used for one-dimensional ascending and descending chromatography with butanol: acetic acid: water (4: 1: 2) as the solvent mixture.
For paper electrophoresis (11), a Spinco series B Durrum type apparatus was used with a constant voltage power supply. Electrophoresis was carried out at 400 v for 4 hours or 120 v for 18 hours using 5 N acetic acid (pH 1.9) as the conducting medium. Two-dimensional ascending chromatography according to Dent (12) Reactive sulfhydryl groups before and after alkaline hydrolysis were detected by the sodium azide-iodine reaction described by Feigl (14) . Neutralization of the alkalinized samples was necessary to prevent interference owing to formation of sodium iodide. Inorganic bromide was isolated from the synthetic reaction mixtures by paper chromatographic separation, described by Pollard and McOmie (15), using acetone: water (4:1) as a solvent. Bromide was precipitated on the paper by immersion in an ammoniacal (0.7 M NH4OH) ethanolic (95 per cent) solution of silver nitrate (0.1 M) and "developed" by exposure to blue fluorescent light under standard conditions. The concentration could be determined quantitatively, by comparison with appropriate standard solutions of NaBr on the same chromatograms by using a Spinco analytrol. Over the range employed (0.015 to 0.03 M, 10 ,ul aliquots), concentration and densitometric readings showed a satisfactory linear correlation.
Glutathione in the conjugates isolated by electrophoresis and chromatography was determined by the method of Sachs and Brand (16) as glutamic acid. Since this method involves the formation of hydroxamic acid from a lactone ring, BSP itself might be expected to interfere. However, under the actual conditions employed (pH close to 7.0) it was found that BSP developed only a minimal amount of color compared with an equimolar concentration of glutathione. BSP could be recovered completely from the chromatograms by elution with a phosphate buffer solution (0.1 M, pH 10.4) and colorimetric analysis. Since glutathione did not interfere and since no change in optical density occurred in mixtures of glutathione and BSP during or after conjugation, conjugated BSP could be evaluated by reference to a standard BSP calibration curve. Glutathione labeled with S35 (specific activity 16.6 /Ac per mg) was obtained from Schwarz Laboratories. Radioautograms were obtained by placing Eastman Kodak No-screen X-ray film (in film holders) against the dried chromatogram or electrophoretogram and leaving it for 6 weeks prior to development.
RESULTS
Excretion of BSP and its conjugates in the bile of the dog. Regardless of the method of administration, biliary BSP always proved to be separable into several fractions by chromatographic analysis ( Figure 1 ). All reacted with ninhydrin, with the exception of the fastest moving component (fraction I) which assumed the same chromatographic position as the commercially available or "standard" BSP. The ninhydrin-positive fractions varied considerably in number and concentration. As a rule, three major bands were distinguishable but, with improved chromatography, other components were detected. Fractions II and IV appeared to be homogeneous, whereas fraction III could be resolved into two additional components (a and b, Figure 1 ). On electrophoresis, also, biliary BSP could be separated into a number of fractions having differing mobilities ( Figure 2 ). All moved toward the anode and the most rapidly moving component appeared again to be identical with standard BSP. When individual BSP conjugate fractions were eluted from the chromatograms and subjected to electrophoresis it was found that fractions II, IIIa and IV all migrated to the position represented by the darkest band in Figure 2 . Fraction IIIb migrated in part to this position, but a major portion also appeared in the 1571 ever, in association with a small amount of a ninhydrin-positive material which behav-ed chro-E matographically like cysteine. Conversioni. of the relatively unstable cysteine to cysteic acid by the addition of hydrogen peroxide made it possible to NAlI demonstrate that cysteine was regularly l)resent in alkaline hydrolysates in significant amotunt (Figure 3A) . The azide-iodine test for reactiv-e sulfhydryl groups, which was negative wNhen performed on unhydrolyzed conjugates. became strongly positive after alkaline hydrolysis. These observations suggested that fraction IV is a complex of BSP and glutathione (glutamyl-cysteinvlglycine) and that the linkage involves the sulfhydryl group of cv-steine. The BSP-reacting ninhydrin-positive miioiety observed after acid hy- region marked by the upper ninhydrin band in Figure 2 . The absence of significant hydrolysis under the conditions employed during electroplhoresis was indicated by the fact that free amiiino acids could not be detected when purified conjugates were subjected to this procedure.
Analysis of the BSP conjugates. Acid hydrolysis of fraction IV yielded approximately equial amounts of glycine and glutamic acid. Although free BSP appeared in the reaction mixture, a large moiety of the BSP continued to migrate on chromatography as a ninhydrin-positive fraction. With alkaline hydrolysis also, large amounts of glycine and glutamic acid appeared, usually, how- in early preparations but disappeared altogether as the separative procedure was improved. The more slowly moving moiety of fraction III which could be separated into two components by electrophoresis was not obtained in sufficient amount for complete analysis.
Fraction II behaved as a single substance both on chromatography and electrophoresis. Like the chromatographically faster moving portion of fraction III, it yielded glycine and cysteic acid with (Figure 4) . At the outset the mixture was brought to a pH of 7.3 by the addition of 0.1 N NaOH. As the reaction proceeded, the mixture became more acid and the color of the BSP faded. The pH was therefore maintained by dropwise admixture of the alkaline reagent over a 24-hour period. With exhaustion of glutathione by combination with BSP or by oxidation, the reaction came to a halt. The reaction was resumed if more glutathione was added. On both chromatography and electrophoresis two easily separable ninhydrin-positive BSP-reacting bands were demonstrable in addition to ninhydrin-negative standard BSP. Neither glycine nor glutamic acid was detectable. The major component appeared to be identical with fraction IV, chromatographicallyv electrophoretically and analytically. The second fraction seemed also to have its counterpart in a conjugate occasionally appearing in trace am--ounts in the bile of both the dog and rat.
Analysis of the eluted synthetic conjugates fromi glutathione and BSP indicates that the comiiponent apparently identical with fraction IV consists of an equimolecular combination of the two substances, whereas the second component (which is fluorescent in the ultraviolet) contains two molecules of glutathione for each molecule of BSP. During the reaction, hydrobromic acid is formed, accounting for the progressive acidification of the reaction mixture. Since the bromide released was found to be proportional to the ambunt of conjugate formed and since the conjugate contained no reactive sulfhydryl groups, BSP and reduced glutathione (GSH) probably com-ibine by the formation of a thio-ether with replacemiient of bromine on the phthalic acid ring (Table I) .
Cysteinylglycine prepared from pure GSH by partial hydrolysis with dilute phosphoric acid (17) also formed a conjugate with BSP in vitro when held at pH 7.4 and 37°C for 24 hours. Owing to the difficulty imposed by the high phosphate Figure 6 ). A one-dimensional ascending chromatogram was made from each sample and used for the preparation of a radioautograph by contact with X-ray film over a period of 6 weeks. The carbonate-sprayed chromatogram of two successive periods selected at the concentration peak, 40 minutes after the administration of BSP, and the ra-ES PRODUCED IN dioautograph of the same patterns are illustrated :NYLGLYCINE OR in Figure 7 . In every instance radioactive maom glutathione )njgat, wichterial was observed in the regions corresponding nm the synthetic to BSP conjugates but not in the position octwo conjugates cupied by unconjugated BSP. Since free glue, one of which tathione was never detected in bile during any of the present studies, it is apparent that the S35 in these patterns must have been bound in the BSP preliminary conjugates.
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